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Objectives. This study was designed to show the influence of 
right ventricular pacing site on left ventricular outflow tract obstruc- 
tion during pacing treatment ofpatients with hypertrophic obstruc- 
tive cardiomyopathy. 
Background. Atrioventricular synchronous pacing has been 
reported to reduce left ventricular outflow obstruction and symp- 
toms in patients with hypertrophic obstructive cardiomyopathy. A
paradoxic septal movement induced by right ventricular pacing 
has been implicated as the mechanism behind the reduced left 
ventricular outflow tract obstruction; however, the importance of 
pacing site has not been clarified. 
Methods. Cardiac output, measured invasively, and left ventric- 
ular outflow tract gradient, estimated by Doppler echocardiogra- 
phy, were studied in 15 patients with hypertrophic obstructive 
cardiomyopathy. Measurements were made with the right ventric- 
ular electrode in the septal and apical positions during temporary 
pacing and during sinus rhythm. 
Results. Right ventricular apical pacing reduced the outflow 
tract gradient in all 15 patients to a mean -+ SD of 38 -+ 24 mm Hg 
from 96 -+ 33 mm Hg during sinus rhythm. During high septal 
pacing the outflow tract gradient was not reduced, remaining at 93 -+ 
44 mm Hg. No significant changes incardiac output were seen when 
levels during sinus rhythm (6A liters/rain), apical pacing (6.4 liters/ 
rain) and high septal pacing (5.6 liters/min) were compared. 
Conclusions. The right ventricular pacing site is of crucial 
importance for reducing left ventricular outflow tract obstruction 
when patients with hypertrophic obstructive cardiomyopathy are 
treated with pacing. Cardiac output is not reduced by apical 
pacing. 
(J Am Coil Cardiol 1996;27:1219-24) 
Patients with hypertrophic obstructive cardiomyopathy are 
characterized by a massive hypertrophy of the myocardium 
causing symptoms ranging from none at all to various degrees 
of dyspnea nd chest discomfort and sudden unexpected death. 
The annual mortality rate is reported to be 2% to 6% (1,2). 
Treatment has previously been confined to administration f 
beta-adrenergic blocking agents, verapamil and disopyramide. 
For patients refractory to or unable to tolerate pharmacologic 
therapy, myectomy, as reported by Morrow (3), has been the 
only therapeutic alternative. However, this procedure has a 
peroperative mortality rate of 1% to 5%. Furthermore it is 
associated with occasional complications such as complete atrio- 
ventricular (AV) block and ventricular septal defects (1,2,4), 
thereby limiting its use to patients with severe symptoms. 
Hassenstein et al. (5) were among the first to show that 
pacing may be beneficial for patients with hypertrophic ob- 
structive cardiomyopathy. Their observations were subse- 
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quently confirmed by others (6,7), who demonstrated that 
pacing reduced the left ventricular outflow tract obstruction 
and resulted in concomitant symptom relief and increased 
exercise tolerance. 
The obstruction i  hypertrophic obstructive cardiomyopa- 
thy is generally considered to be caused by an apposition of 
the anterior mitral valve leaflet to the hypertrophied intra- 
ventricular septal wall, resulting in a narrow passage into 
the aorta. The suggested mechanism behind the effect of 
pacing on the left ventricular outflow tract gradient is an 
altered septal movement (6,7), which reduces the mitral valve 
apposition. Even if the entire mechanism behind outflow tract 
obstruction and the improvement that is achieved by pacing 
are still not fully understood, it seems reasonable to assume 
that a reduced left ventricular outflow tract gradient isof major 
importance. 
The right ventricular stimulation site during cardiac pacing 
influences the activation pattern of the septal wall (8). If the 
pattern of septal wall movement is an important determinant 
of the left ventricular outflow tract gradient, he pacing site 
should be of crucial importance for the outcome of pacing in 
hypertrophic obstructive cardiomyopathy. To further explore 
this hypothesis we compared the effect of right ventricular 
pacing from an apical area with that from a proximal septal 
position on the left ventricular outflow tract gradient. 
©1996 by the American College of Cardiology 0735-1097/96/$15.00 
Published by Elsevier Science Inc. SSD1 0738-1097(95)00573-0 
1220 GADLER ET AL. JACC Vol. 27, No. 5 
PACING IN HYPERTROPHIC CARDIOMYOPATHY April 1996:1219-24 
Table 1. Patient Characteristics 
Pt Age (yr)/ NYHA PR Interval 
No. Gender Class Drugs (rag/day) (ms) 
1 64/F Ill Metoprolol (100) 160 
2 43/F llI Atenolol (100) 190 
3 79/1= IV Verapamil (240) 190 
4 56/M II Verapamil (240) 170 
5 68/M lI Verapamil (240) 220 
6 67/F IlI Metoprolol (100) 180 
7 77/M III Verapamil (120) 140 
8 63/F II Verapamil (240) 180 
9 68/M I1 Metoprolol (200) 160 
10 68/F lII None 150 
11 47/M III Verapamil (360) 160 
12 67/F lII Verapamil (240) 190 
13 69/F III Verapamil (240) 160 
14 87/M IV Metoprolol (50) 240 
15 54/M III Atenolol (50) 180 
F = female; M = male; NYHA Class = New York Heart Association 
functional class; Pt - patient. 
Methods  
Patients. Consecutive patients with echocardiographic evi- 
dence of hypertrophic obstructive cardiomyopathy and symp- 
toms refractory to drug tlaerapy referred to our department 
were recruited for this study (Table 1). To be included the 
patient had to meet he following entry criteria at a prestudy 
Doppler echocardiographic examination: 1) a left ventricular 
outflow tract gradient >30 mm Hg at rest or >50 mm Hg 
during pharmacologic provocation as described later, and 2) a 
normal eft ventricular ejection fraction with no signs of left 
ventricular dilation. During the study the patients continued to 
receive their prestudy medication. All gave informed consent 
to participation i  the study, which was approved by the Ethics 
Committee of the Karolinska Hospital. 
Provocation of the left ventricular outflow tract gradient. 
In patients with a rest left ventricular outflow tract gradient 
<30 mm Hg, intravenous infusion of isoproterenol was used as 
a provocative maneuver. The drug was administered at an 
absolutely constant rate by means of an infusion pump in two 
different concentrations, 5 and 20 ng/kg per min. Symptoms, 
left ventricular outflow tract gradient, heart rate and brachial 
artery cuff pressure were monitored every 2 min. The left 
ventricular outflow tract gradient and hemodynamic data were 
recorded after 10 min at each infusion rate to allow the patient 
to reach a steady state. 
Echocardiography. Echocardiographic examinations were 
performed according to the American Society of Echocardiog- 
raphy standards (9), with a Vingmed 750 device (Vingmed, 
Horten, Norway). A duplex probe was used, 3.25 MHz for 
two-dimensional nd 2.5 MHz for Doppler echocardiography. 
The patients were placed in the left semilateral position and 
studied from the apical view. Continuous Doppler study was 
used for measurements of the left ventricular outflow tract 
gradient, which was calculated according to the modified 
Bernoulli equation (10). The filling pattern of the left ventricle 
Figure 1. Radiographs showing placement of the right ventricular 
pacing electrodes in the high septal (left panel) and apical (right 
panel) locations. 
was measured by pulsed Doppler echocardiography with the 
sample volume placed at the tips of the mitral valve. The 
integral of the E and A waves and total mitral flow were 
calculated and used for comparisons (11). 
Hemodynamic monitoring and study protocol. All patients 
underwent temporary pacing. Two multipolar 7F pacing cath- 
eters were percutaneously introduced through the femoral 
vein. Under fluoroscopic ontrol, one of these was placed in 
the right atrium near the sinus node and the second in the right 
ventricle. In randomized order, the ventricular electrode was 
placed in two positions in each patient: 1) in the proximal 
septum, just beneath the tricuspid valve; and 2) as far out in the 
right ventricular pex as possible (Fig. 1). Attempts were made 
during high septal pacing to produce a QRS complex with a 
narrow configuration similar to that of the normal QRS 
complex. After pacing in the first randomly assigned position, 
the electrode was repositioned to the second location. A 
period of ->10 rain was allowed for the patient o return to 
steady state after completion of the first pacing period and 
repositioning of the pacing lead. 
Twelve patients also received a Swan-Ganz catheter 
through the femoral venous approach. This was positioned in 
the pulmonary artery for the determination f cardiac output 
according to the Fick principle. Arterial blood samples were 
obtained from a short polyurethane cannula in the right 
brachial artery. Oxygen uptake was determined by analyses of 
expelled air, and oxygen saturation was obtained in venous and 
arterial blood samples. Cardiac output was measured uring 
normal AV conduction during sinus rhythm and during AV 
synchronous pacing with optimal AV delay at the two ventric- 
ular pacing sites. The seven patients with a rest gradient 
<30 mm Hg underwent provocation with isoproterenol during 
temporary pacing as previously described. The left ventricular 
outflow tract gradient was calculated as a mean of three 
representative b ats. The maximal gradient during sinus 
rhythm with normal AV conduction was compared with that at 
the two right ventricular pacing sites. A dual-chamber pace- 
maker (APC Medical Ltd, England) was connected to the 
pacing electrodes and programmed tofour sensed AV delays 
(60, 80, 100 and 125 ms) applied at random order. Ventricular 
output was 5.0 V at 0.5-ms duration. A minimum of 5 min of 
pacing was allowed before measuring the gradient at each AV 
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Table 2. Hemodynamic Data 
Cardiac Output Pulmonary Artery. Mean Pressure Max LVOT Gradient 
(liters/min) (mm Hg) (ram Hg) 
Pt 
No. SR Apical Septal SR Apical Septal SR Apical Septal 
1 . . . . . .  68 18 65 
2 . . . . . .  92 68 93 
3 . . . . . .  138 88 134 
4 3.9 4.6 4.5 l l  12 18 69 34 67 
5* 6.5 6.2 5.9 13 10 24 107 41 130 
6 5.2 5.0 4.7 16 13 18 108 8 74 
7* 7.4 7.8 - -  11 14 - -  100 31 39 
8 6.6 6.4 5.2 18 16 21 83 10 95 
9* 9.2 8.8 8.9 - -  - -  - -  164 54 197 
tO 4.7 4.7 4.6 21 16 19 95 47 104 
11" 8.4 8.7 8.3 8 15 13 106 33 114 
12" 4.2 4.2 3.8 - -  - -  - -  139 71 140 
13 5.7 5.6 5.6 - -  - -  - -  60 20 40 
14" 7.8 7.2 7.1 - -  - -  - -  50 18 49 
15' 6.8 7.6 5.9 - -  - -  - -  63 26 60 
Mean 6.4 6.4 NS 5.6 NS 14 14 NS 19 NS 96 38t 93 NS 
SD 1.7 1.6 1.3 4.7 2.4 3.6 33 24 44 
*Patients who underwent isoproterenol provocation, tp < 0.05 versus inus rhythm and septal pacing. Apical = right 
ventricular apical pacing; LVOT = left ventricular outflow tract; Max = maximal; Pt = patient; RV = right ventricular; 
Septal = right ventricular high septal pacing; SR = sinus rhythm. 
delay. The optimal AV delay was defined as the delay resulting 
in the greatest reduction of left ventricular outflow tract 
gradient without reducing the integral of the A and E waves. 
Comparisons between pacing sites were made at the optimal 
AV delay for each patient. Heart rate during AV synchronous 
pacing was kept the same as that during sinus rhythm. 
Statistics. Data are expressed as mean value _+ SD. Com- 
parisons were made with repeated measures analysis of vari- 
ance and the Tukey-Cramer p ocedure. 
Resu l ts  
Fifteen patients were included in the study (Table 1). All 
patients completed the study protocol. Patient 10 could not 
tolerate any drugs because of bronchial asthma nd allergy. 
Reduction of left ventricular outflow tract obstruction during 
pacing and the influence of pacing site did not differ signifi- 
cantly between patients with a gradient at rest and those with 
provokable gradients only (Table 2); therefore results for all 
patients are reported together. 
Atrioventricular delay. During pacing with the apical ead 
position the optimal AV delay giving complete ventricular 
capture, varied between 60 and 80 ms for all patients (Fig. 2). 
With the high septal position the left ventricular outflow tract 
gradient was not reduced with any of the applied AV delays 
except in three cases (Fig. 3). The optimal AV delay was 
considered to be the shortest AV delay that did not impair 
diastolic filling of the left ventricle, defined as an unchanged 
total integral of the mitral flow. There were no significant 
differences in heart rate between intrinsic rhythm and the 
paced rhythm with various AV delays and at the two pacing 
sites. 
Reduction of left ventricular outflow tract gradient. The 
impact of pacing site on the left ventricular outflow tract 
gradient is shown in Figure 4. Pacing in the right ventricular 
apical position reduced the gradient by >30% in all cases 
(mean reduction 58 _+ 25 mm Hg, Table 2). In contrast, pacing 
in the high septal position decreased the gradient by >30% in 
three patients only, and increased it by >30% in two patients. 
The difference in left ventricular outflow tract gradient be- 
tween sinus rhythm and septal pacing was <30% in the 
remaining 10 patients. In the three patients whose left ventric- 
ular outflow tract gradient was reduced by >30% with septal 
pacing, the gradient was further reduced by apical pacing. 
Thus, apical pacing was superior in each patient, including 
those with a provokable gradient only. The QRS configuration 
during septal pacing resembled that during sinus rhythm, with 
a narrow QRS complex. During apical pacing it was broader 
Figure 2. Maximal left ventricular outflow tract (LVOT) gradient 
during sinus rhythm (SR) and during right ventricular apical pacing 
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Figure 3. Maximal left ventricular outflow tract (LVOT) gradient 
during sinus rhythm (SR) and during right ventricular septal pacing 
with different atrioventricular delays. 
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Figure 4. Maximal left ventricular outflow tract (LVOT) gradient 
during sinus rhythm (SR) and during right ventricular pical pacing 
and high septal pacing with optimal atrioventricular delay. 
and had a different vector than during normal rhythm. A 
typical example is given in Figure 5. 
Hemodynamic variables. Cardiac output and pulmonary 
artery pressure during apical or septal pacing did not differ 
significantly from values during sinus rhythm (Table 2). In 
patients whose gradient was apparent only with isoproterenol 
provocation, cardiac output was higher than in those with a 
gradient at rest as recordings were made at higher heart rates 
in the former group. 
Discuss ion 
This study shows that the right ventricular pacing site is of 
crucial importance during pacing therapy of patients with 
hypertrophic obstructive cardiomyopathy. A high septal oca- 
tion has less effect on left ventricular outflow tract obstruction 
than does a right ventricular apical pacing position. The 
reduced outflow tract obstruction isnot an effect of a reduced 
cardiac output, which remains unaffected by apical pacing. 
Patients. Our subjects were 15 consecutive patients with 
previously diagnosed hypertrophic obstructive cardiomyopathy 
who were referred to our clinic for pacemaker or myectomy 
treatment because of refractory symptoms despite pharmaco- 
logic treatment. These patients represented the total number 
referred uring the study period. Thus, no patients examined 
were excluded from participation. All subjects had classical 
echocardiographic findings with an isolated septal hypertrophy 
and clinically significant left ventricular outflow tract obstruc- 
tion at rest or during isoproterenol provocation. It may be 
argued that inclusion of patients hould have been limited to 
subjects with an outflow tract gradient at rest. However, 
Fananapazir et al. (12) recently reported that patients without 
a significant left ventricular outflow tract gradient at rest but a 
significant gradient induced by isoproterenol infusion or other 
provocative maneuver benefit from long-term dual-chamber 
(DDD) pacing to the same extent as those with a gradient at 
rest. Because a separate analysis of the results in our patients 
with and without a gradient at rest showed no significant 
difference between these two groups, we felt justified in 
reporting data from all 15 patients together. 
The present inclusion criteria, the recorded gradients and 
the functional classes of our patient group are comparable to 
those previously reported among patients evaluated for myec- 
tomy or pacemaker treatment (6,7,12). Accordingly, our study 
group should be representative of a cohort of patients with 
hypertrophic obstructive cardiomyopathy who do not respond 
to medical treatment alone. 
Gradient recordings and provocation. Outflow tract gradi- 
ents recorded noninvasively with Doppler echocardiograph in 
patients with hypertrophic obstructive cardiomyopathy are 
equal to invasively recorded gradients, and the Doppler 
method is commonly utilized in routine clinical practice (10). 
For provocation of an outflow tract gradient, isoproterenol 
infusion offers advantages over supine exercise. 1) The rate of 
the isoproterenol infusion may be meticulously controlled by 
means of an infusion pump, thereby ascertaining reproducible 
conditions during repeated observations. 2) The echocardio- 
graphic recording conditions are improved by having the 
patient rest in the supine position. The hemodynamic effect of 
isoproterenol infusion is comparable tothat of other methods 
that have been applied such as inhalation of amyl nitrate or 
infusion of norepinephrine. Our patients with an isoprotere- 
nol-provoked gradient recognized symptoms during provoca- 
tion to be similar to those experienced during all-day exercise. 
However, as a precaution, infusion was limited to provocation 
of a "submaximal" degree of symptoms. 
To avoid influence of the stimulation order during the 
study, we followed recordings during sinus rhythm with record- 
ings using either right ventricular apical stimulation or high 
septal stimulation i random order. The time allowed to reach 
steady state in each mode, 10 min, ensured representative 
measurements of the left ventricular outflow tract gradient. 
Hemodynamic variables. To our knowledge there are no 
previous reports of systematic studies of the effect of right 
ventricular pacing site on cardiac output and gradient reduc- 
tion in patients with hypertrophic obstructive cardiomyopathy. 
Rosenqvist et al. (8) demonstrated that pacing from the right 
ventricular apex caused an asynchronous pattern of ventricular 
activation and a reduced cardiac output in patients undergoing 
pacing for bradyarrhythmia. In the present study group a high 
septal stimulation location was clearly less effective than a right 
ventricular apical location in reducing the left ventricular 
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Figure 5. Typical example (Patient 
8) of electrocardiographic (ECG) 
and pressure recordings from the 
left ventricle and aorta during sinus ~ n 
rhythm (A), right ventricular pical 2o0- 
pacing (B) and right ventricular 
high septal pacing (C) with optimal 
atrioventricular delay. Note the 
similarity of the ECG during sinus 
rhythm and high septal pacing and 
the contrast with that during right 
ventricular pical pacing. The pres- 
sure gradient during sinus rhythm 
is completely abolished during 
right ventricular pical pacing and 
returns to the same level as in sinus o- 
rhythm with high septal pacing. 
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outflow tract gradient. This observation gives support o the 
view that an altered septal movement is the mechanism behind 
the reduction of the outflow tract obstruction. The high septal 
location preserves a normal contraction pattern within the 
septal wall, thereby giving a probable explanation to the 
inability to reduce the left ventricular outflow tract gradient. 
Cardiac output did not differ significantly during sinus 
rhythm and apical or high septal pacing. Fananapazir et al. (7) 
reported a higher cardiac output during AV synchronous than 
during right atrial pacing. However, they only studied hemo- 
dynamic data at unphysiologically high heart rates at rest (120 
and 150 beats/min). It is well known (13) that hemodynamic 
measurements made during an artificially increased heart rate 
in the rest condition do not correspond with measurements 
made at the same heart rate induced by physical exercise. 
During exercise an increase in venous return causes cardiac 
output o increase substantially more than during an increased 
heart rate at rest (14) induced by pacing. In the present study 
we considered it important o rule out the possibility that a 
difference in the reduction of left ventricular outflow tract 
gradient between the different pacing sites could be influenced 
by differences in cardiac output. 
Atrioventrienlar interval. Both Jeanrenaud et al. (6) and 
Fananapazir et al. (7) discussed the importance of complete 
ventricular capture by using an AV interval shorter than the 
patient's native PR interval for a favorable pacing result in 
hypertrophic obstructive cardiomyopathy. In the present study 
the optimal AV delay varied between 60 and 80 ms in each 
patient. Even though in some cases a longer AV delay gave full 
ventricular capture at rest, we chose an AV delay as short as 
possible to ensure full ventricular capture also during exercise 
with a physiologically shortened native AV conduction. No 
impairment of diastolic filling of the left ventricle was seen with 
these optimal AV delays. Because these AV delays are sensed 
AV delays during atrial-triggered ventricular pacing, they 
should be 30 to 40 ms shorter than the paced AV delays during 
AV pacing that were used by Fananapazir et al. (7) for 
optimization. Moreover, it is difficult to compare our results 
with those of Fananapazir et al. (7) because their implanted 
pacemakers could not be programmed to pace AV delays 
<125 ms in many patients. We did not use AV intervals 
<60 ms in the present study because pilot investigations 
preceding the study did not reveal an additional reduction of 
the left ventricular outflow tract gradient with the use of 
shorter intervals. On the contrary, shorter intervals impaired 
left ventricular filling and significantly reduced the mitral flow 
integral (Gadler, unpublished ata). 
Short-term versus long-term effects. Because the present 
data were achieved during short-term pacing, the question 
arises whether they are also relevant for long-term pacing in 
patients with hypertrophic obstructive cardiomyopathy. If the 
favorable ffect of pacing on such patients is primarily linked to 
the activation sequence, there is hardly any reason to believe 
that information obtained in short-term studies would change 
over time. However, if, as observed by Fananapazir et al. (12), 
regression of septal wall hypertrophy is a major factor contrib- 
uting to the beneficial effect, one has to be more cautious when 
using short-term data to predict long-term outcome. Because it
is obvious that the major decrease in outflow tract gradient 
occurs immediately after the initiation of pacing (6,7), the 
present observations should be valid even for long-term pac- 
ing. Although Fananapazir et al. (12) questioned the value of 
temporary pacing to evaluate long-term effects of pacing in 
patients with hypertrophic obstructive cardiomyopathy, our 
experiences are different. In subjects whose outflow tract 
gradient is not altered uring temporary pacing, there seems to 
be little or no long-term benefit (Gadler et al., data on file). 
Conclusions. The present data support he view that al- 
tered septal movement is an important mechanism behind the 
left ventricular outflow tract gradient reduction in patients with 
hypertrophic obstructive cardiomyopathy undergoing pacing. 
An AV interval short enough to achieve full ventricular 
capture and a pacing location as far out as possible in the 
apical portion of the right ventricle is crucial for a successful 
result of pacing in such patients. 
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